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Peer reviewed article IV positive patients are a high risk population due to the alteration in their immune status. Healthcare associated infections (HAI) have not been well described in this population, with some risk factors reported inconsistently in the literature. The aim of this study was to describe the epidemiology as well as the underlying risk factors for HAI, specifically urinary tract infection (UTI), bloodstream infection (BSI) and respiratory tract infection (RTI). This was a retrospective cohort study conducted in three hospitals at an academic health system in New York City, over a two year period from 2006 to 2008. There were 3,877 HIV positive patient discharges in 1,911 patients. There were a total of 142 UTI, 106 BSI, and 100 RTI. The incidence rates were 4.35 for UTI, 3.16 for BSI and 2.98 for RTI. CD4 count and antiretroviral therapy were not associated with HAI. Significant predictors of UTI included urinary catheter, length of stay, female gender, steroids and trimethoprim-sulphamethoxazole (TMP-SMX); of BSI were steroids and TMP-SMX; and RTI were mechanical ventilation, steroids and TMP-SMX. Multivariable analysis indicated that TMP-SMX was significantly associated with an increased risk of infection for all three types of HAI [BSI odds ratio 2.55, 95% confidence interval (1.22-5.34); UTI odds ratio 3.1, 95% confidence interval (1. 41-7.22 ); RTI odds ratio 5.15, 95% confidence interval (1.70-15.62)]. HIV positive patients are at significant risk for developing HAI, but the risk factors differ depending on the specific type of infection. The fact that TMP-SMX is a risk factor in these patients warrants further research as this may have significant health policy implications.
Background and significance
Healthcare associated infections (HAI) in human immunodeficiency virus (HIV) negative patients have been well described; however the literature about HAI in HIV positive patients is limited and discrepancies remain regarding risk factors for the development of HAI in this population. The incidence of HAI is approximately 5-11% in industrialised nations, (Pittet et al, 2008) with an estimated 1.7 million HAI occurring annually and approximately 99,000 deaths in the United States of America (USA) (Klevens et al, 2007) . In 2008 an estimated 1.1 million individuals were infected with HIV in the USA according to the Centers for Disease Control and Prevention (CDC) (CDC, 2011) . The burden of HAI is great in the immunocompetent host, but it may be even greater in the HIV subset population. Hence the risk of HAI in this population warrants further research.
HIV positive patients tend to be admitted more frequently to hospital due to their immunosuppressed state and this increases their risk of HAI (Padoveze et al, 2002) . The resulting HAI can lead to longer hospitalisation, economic burden and higher risk of mortality (Tumbarello et al, 1998) . The literature is disparate regarding certain risk factors for HAI in HIV individuals, especially the role of CD4 count in predicting infection. There are also discrepancies in the literature regarding causative organisms as well as the site of infection.
The aims of this study were to describe the epidemiology of HAI among HIV infected patients to determine incidence rates, risk of death from HAI, frequency of organ-specific sites involved and the microbiologic aetiologies of HAI; and to ascertain the specific risk factors for HAI in HIV infected patients, specifically evaluating the role of CD4 count in the development of HAI.
Methods

Sample and setting
The data for this study were drawn from an electronic database that was compiled for the purpose of determining the economic H Risk of healthcare associated infections in HIV positive patients Mohammed Mitha 1* , E.Yoko Furuya 2 , Elaine Larson 3 distribution of the costs of drug resistant infections at an academic hospital system located in upper Manhattan (Apte et al, 2011) . The academic institution is an urban hospital system in New York City comprised of four hospitals -a paediatric hospital, a community hospital and two tertiary/quaternary hospitals which provide care to a diverse patient population. The data were collected between 2006 and 2008 and approximately 320,000 discharges were documented during this time.
The sample in this study is a subset of the original study population: all adult patients who were HIV positive. Patients less than 18 years old were excluded, as were HIV positive women who were admitted for childbirth. This resulted in approximately 3,877 discharges, which was the unit of analysis.
Data collection
Following approval from the Columbia University Medical Center Institutional Review Board, data extracted from the database included demographics; laboratory reports, including microbiological results from urine, blood and respiratory specimens; device utilisation, specifically urinary and central venous catheterisation as well as mechanical ventilation; patient medical history including medicinal and recreational drug use; inpatient records including total length of stay, admission to intensive care unit (ICU) and death. The identification of HIV status was based on the International Classification of Diseases-9-CM.
Study definitions
The HAI examined included urinary tract infection (UTI), bloodstream infection (BSI), respiratory tract infection (RTI) or a combination of these infections, which developed at least 48 hours after hospital admission. If a patient had been discharged and then readmitted with an infection within 72 hours, this was also considered as a HAI. The definitions of a UTI, BSI and RTI were based upon those used in the 'parent' study (Apte et al, 2011) . Briefly, a team of clinicians and researchers developed electronic algorithms to identify HAI of the specific organ systems. Surveillance definitions from the CDC National Healthcare Safety Network for HAI were used to identify factors of infections that could be mapped to electronic data (www.cdc. gov/nhsn/about.html). Patients were categorised as infected, noninfected and uncertain. Patients in the uncertain category for HAI were not included in the analyses in order to minimise misclassification bias.
The organisms examined in this study were six common organisms causing antibiotic resistant infections in the study hospitals and therefore analysed in the 'parent' study: Acinetobacter baumanii, Enterococcus faecalis/faecium, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus pneumonia (Apte et al, 2011) .
Statistical analysis
Initially separate univariable analyses for UTI, BSI and RTI were conducted using generalised estimating equations (GEE) for independent predictors, discussed below, to assess if they were significant by estimating odds ratios, 95% confidence intervals and p values. A p value of <0.05 was determined to be significant in this analysis. All variables which were found to be significant at the p<0.05 level were analysed in a multivariable model.
The demographics variables examined as potential predictors of HAI were age and gender, laboratory data included admission CD4 counts (< 200 cells/ul or ⩾ 200 cells/ul) whenever available. Device-related variables assessed as independent predictors were central venous (CV) line, urinary catheterisation, and mechanical ventilation. Information regarding length of stay prior to infection (LOS), total length of stay, corticosteroids (current or ever used) and antiretroviral agents (ARV) prior to development of HAI were also analysed as independent predictors.
Since trimethoprim-sulphamethoxazole (TMP-SMX) is used as longterm prophylaxis in HIV infected individuals, it was also included as a potential predictor of risk of HAI.
Comorbid conditions previously identified in the literature and independently examined as potential confounders included diabetes mellitus, chronic renal failure, chronic obstructive pulmonary disease (COPD), systemic lupus erythematosus, rheumatoid arthritis and Hodgkin's disease; however the numbers for the latter three were very small and did not contribute to the overall analysis.
The inpatient mortality was also assessed to determine if those patients who developed a HAI were at an increased risk of death compared with the HIV positive cohort who did not develop a HAI. This was adjusted for admission to the ICU, as an indicator for severity of infection.
Those variables statistically significant in the univariable analyses were then included in a multivariable analysis using GEE along with potential confounders; relevant models were designed for each type of infection separately (UTI, BSI or RTI), based on statistical or clinical significance. The odds ratios, 95% confidence intervals, p values along with the Quasi Likelihood under Independence model criteria (QIC) statistic were calculated for each multivariable model (Pan, 2001) .
A sensitivity analysis was performed, censoring all the dead, censoring the dead who did not develop an HAI, and including all the dead in the analysis. As there was not a significant change in the estimates, the final analysis included all patients regardless of whether they died while in hospital.
The incidence density ratio of infection was calculated by dividing the number of infections by the total patient days. The time to event of infection was estimated by the Kaplan-Meier method (Kaplan and Meier, 1958) .
The analyses were conducted using SAS statistical software, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
Results
There were 3,877 discharges among 1,911 HIV infected patients, 2,527 (65.2%) male and 1,350 (34.8%) female discharges. The mean age was 45.93 ± 9.97 years with the youngest patient being 18 and the oldest 89. There were 282 (7.3%) discharges in which one infection occurred, 47 (1.21%) with two infections and three (0.08%) with three infections, including a total of 142 UTI, 106 BSI and 100 RTI.
Epidemiology of HAI in HIV positive patients
The incidence rate (IR) of UTI was 4.35 infections per 1,000 patient days, the IR for BSI was 3.16 per 1,000 patient days of observation and for RTI, the IR was 2.98 per 1,000 patient days. The median time to infection was around the sixth day of admission ( Figure 1 ). Total length of stay was significantly longer for those who developed an infection compared to those who did not. Figure 2 displays the mean length of stay between those who develop a HAI compared to those who did not develop a HAI in the HIV cohort.
The causative organisms are displayed in Table 1 . Among the organisms included in this analysis, the most common organisms for UTI were Enterococcus faecalis (58.1%) followed by Klebsiella pneumoniae (26.5%). The most common organisms associated with BSI were Staphylococcus aureus (48.8%) and then Enterococcus faecalis (34.2%), and for RTI, Staphylococcus aureus (56.6%) and then Pseudomonas aeruginosa (16.9%) device was a significant risk factor for the development of each type of HAI. The risk ratio for developing a UTI associated with a urinary catheter was 4.1 (95% CI: 2.9-5.6) times greater compared to those without urinary catheters; the risk ratio for BSI with central venous (CV) lines was 3.8 (95% CI: 2.4-5.9) times greater compared to those without CV lines; and for those who were mechanically ventilated the risk ratio for RTI was 9.6 (95% CI 5.9-15.6) times greater compared to those who were not ventilated. Although renal failure was significantly associated with risk of each type of HAI in univariable analyses, there was still a significant association between invasive device use and HAI after adjusting for renal failure in multivariable analysis. In multivariable analysis, length of stay prior to infection was significant for UTI, but not for BSI or RTI. Neither CD4 counts nor use of antiretroviral medications were predictors of any infection. The prophylactic use of TMP-SMX, however, was a significant independent risk factor for the development of each type of HAI. The risk ratio for the UTI was 3.5 (95% CI 1.8-6.9) compared to those patients who were not on TMP-SMX, BSI risk ratio was 3.8 (95% CI 1.7-8.3) and RTI risk ratio was 7.0 (95% CI 2.5-20.0). The use of corticosteroids, either current or past, was also a significant predictor for the development of UTI, BSI and RTI.
Predictors of HAI in HIV positive patients
The risk of inpatient mortality was greater among HIV-positive patients who developed a HAI compared to those who did not, however when adjusted for severity of illness using admission to ICU as an indicator of disease severity, BSI remained a significant predictor of death, even after adjusting for ICU stay. Table 5 summarises the crude and adjusted odds ratios.
In the multivariable analyses incorporating all significant univariable predictors and adjusting for confounders in the model, different predictor variables were associated with each type of infection. This is summarised in Tables 2-4. For UTI, significant predictors included female gender, presence of urinary catheter, steroid use or TMP-SMX prior to infection and longer length of stay. The only significant predictors for BSI were steroids and TMP-SMX, and for RTI significant predictors included the presence of an endotracheal tube, use of steroids and TMP-SMX.
Discussion
Epidemiology
The incidence rates of HAI among HIV positive patients vary considerably in the literature. A study conducted in Brazil observed a rate of 8.16 infections per 1,000 patient days, (Padoveze et al., 2002) whereas a study conducted in Italy demonstrated a rate of 3.6 infections per 1,000 patient days (Petrosillo et al, 1999) . A study conducted in the USA determined the incidence rate to be 11.9 infections per 1,000 patient days, which was almost double the rate of HAI as compared with other patients not infected with HIV (Goetz et al, 1994) . In a multicentre prospective cohort study conducted by Stroud et al in five hospitals in the USA, an incidence rate of 6.1 per 1,000 patient days was reported (Stroud et al, 1997 ). In our current study, the rate of HAI in the HIV infected population was similar to that reported from Italy Peer reviewed article but was lower than previously reported in other US hospitals (Petrosillo et al, 1999) . Since the comorbidities, severity of illness, and treatment factors probably varied in patients across studies, it is not possible to determine the extent to which rates are comparable In this retrospective cohort study of HIV positive patients, UTI were the most common type of infection, followed by BSI and then RTI. Some studies have demonstrated that in HIV infected individuals BSI are more common (Stroud et al, 1997; Petrosillo et al, 1999) whereas other studies have reported that UTI are more common (Goetz et al, 1994) . As with other patients, it is likely that device utilisation plays a major role in determining the frequency of organ specific infection, rather than any specific biological mechanism. The organisms responsible for infection in all the subgroups were similar to those reported in other studies and not unique to HIV positive patients (Padoveze et al, 2002; Stroud et al, 1997) .
Predictors
Longer length of stay in previous studies has been shown to be a major risk factor for the development of HAI (Petrosillo et al, 1999; Weber et al, 1991; Craven et al, 1996) . In this study, length of stay was predictive for UTI when adjusting for all other variables, and for BSI in the model which excluded TMP-SMX but adjusted for steroids and CV line. The reason for this is unknown; however it is possible that those patients with a BSI on TMP-SMX were sicker than the other patients and therefore when TMP-SMX was included in the model, the length of stay and CV line were no longer significant predictors. This seems unlikely, however, because we did control for ICU stay.
The fact that TMP-SMX is a risk factor for the development of a HAI as has been reported in a study evaluating nosocomial BSI infection in HIV positive patients (Petrosillo et al, 2002) . We found this association in all three types of HAI, with the highest point estimate being for RTI. Long-term antimicrobial prophylaxis is known to alter the normal flora of the body, which may result in increased risk of HAI (Craven et al, 1996; Petrosillo et al, 1999) .
TMP-SMX is used as a prophylactic antibiotic in HIV infected individuals to prevent opportunistic infections (Masur et al, 2002) . As the drug is usually continued for several months after the CD4 count increases above 200 cells/µ, TMP-SMX may be a better marker of longterm immunosuppression compared to CD4 count in pre-hospitalized cases (Masur et al, 2002; Suthar et al, 2012) . The robust association between prophylactic use of TMP-SMX and risk of HAI in this study is intriguing and suggests the need for further study.
The role of CD4 count in the literature is inconsistent. Some studies have found that a lower CD4 count (<200 cells/µ) is protective against HAI (Stroud et al, 1997) , some have shown a higher CD4 count to be protective (Petrosillo et al, 1999) , and others have shown no relationship between CD4 counts and risk of infection (Goetz et al, 1994) . The argument for a lower CD4 count being protective is based on the premise that HIV infected individuals with CD4 counts < 200 cells/µ are on TMP-SMX prophylaxis that may confer protection against HAI (Stroud et al, 1997) . This is contrary to our finding that TMP-SMX is a risk factor and CD4 count was not associated with infection in this paper. This finding is in keeping with the paper by Goetz et al (1994) and Frank et al (1997) , which indicated that CD4 counts did not differ among those with and without a HAI. Antiretroviral drugs were not a significant predictor of the risk of developing HAI. This has also been the finding in previous studies (Petrosillo et al, 1999 (Petrosillo et al, , 2002 (Petrosillo et al, , 2005 . It would be expected that those on ARV medications would have higher CD4 counts, thus decreasing risk of infection, however this study, along with others, have shown that CD4 is not a predictor of infection (Goetz et al, 1994; Frank et al, 1997) . The null finding between ARV and HAI further supports the possibility that CD4 count is not a predictor of infection and immune therapy such as ARV may have no impact in preventing HAI. In this study, HIV positive patients who developed an infection tended to stay 15-22 days longer on average in hospital, depending on the type of infection.
The inpatient mortality rate for HIV infected patients with HAI has been shown to be greater than for those HIV positive patients who do not develop a HAI, with approximately a 4-5 fold increase. In one study, the mortality rate for HIV positive patients without a HAI was 7.5% as compared with 29.7% among patients who had a HAI (Petrosillo et al, 1999) . Another study indicated a 44% increased risk of death in those with a HAI (DeMarais et al, 1997) . Although the risk of death was greater in HIV positive inpatients who developed a HAI in our study, rates adjusted for ICU stay were greatly attenuated. Hence, disease severity may explain a large proportion of this increased death rate. Since the study populations were different across the studies, these rates may not be comparable. Peer reviewed article Limitations There were several limitations of this study. It was a retrospective analysis from an existing cohort, and only data available electronically were included. The use of electronic data also limited information available to define infections. Although electronic algorithms were developed and elements from the CDC National Health Safety Network surveillance definitions for HAI were mapped to electronic data, it is likely that potential infections were missed and not included. There were considerable missing data, which may have biased the results or led to a null association. In the example of CD 4 counts, it is possible that the smaller numbers may increase the risk of a Type II error. Ideally we would have liked to assess viral load as a predictor of infection, however we did not have sufficient data. Hence, further research is needed. There may have been other confounders which were not accounted for in this study. TMP-SMX was examined in this study due to its continued use as a prophylactic agent in HIV positive patients. It may have been possible that there may have been patients who were switched from prophylaxis to treatment for Pneumocystis jirovecii pneumonia (PJP) RTI as we did not have the dose or duration of treatment. This may have resulted in reverse causation, but as TMP-SMX was associated with UTI and BSI as well, it was deemed unlikely. Other antibiotics were not assessed. The causative organisms analysed in this study were limited to the six organisms of interest in the parent study because they were the most commonly seen antibiotic resistant organisms in the three study hospitals; other aetiological agents were not included. Since the study was conducted in a large urban academic health centre, results may not be generalisable to other care settings.
Conclusion
The role of TMP-SMX and its association with the risk of HAI needs to be better understood as this could have significant health implications for the treatment of HIV positive patients, namely there being no cost effective alternative in preventing PJP and other opportunistic infections without predisposing to an increased risk of HAI. This may possibly impact on patients in the developing world due to cost factors and lack of alternatives. Patients who are on long-term prophylaxis with TMP-SMX, such as HIV positive patients, are assumed to have a degree of im munosuppression, and therefore protective measures should be considered.
Every effort must be made to minimise invasive procedures in HIV positive patients and if there is a need for invasive lines or mechanical ventilation, it must be for the shortest duration possible. Non-invasive ventilation must be tried before resorting to invasive ventilation. In male patients, condom cathetherisation could be made mandatory in cases of non-prostatic obstruction rather than an invasive catheter. Sterility must be optimised when doing invasive procedures, and it may well be necessary to do these in a sterile setting such as theatre, however this may result in higher medical expenses and pose logistical challenges in the developing world.
